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It has already wen propuscu tnai ac<i wavs^ 
or brackish water sihould be subjected to an 
electrolytic softening treatment. Thus Speci- 

20 ficadon No. 823,531 describes a process in 
which sea water is electrolysed upstream of 
the apparatus in which it is used, by means 
of one or more cells (provided! wkh metalHc 
electrodes with the object of rendering said 

25 water alkaline. Tdie cell used in the pro- 
cess of said specification may comprise a 
porous partition or dia;phragm between the 
electrodes to separate, at least partially, the 
liquid (anolyte) which contains, in solution, 

30 the products formed by the anodic reactions 
and the liquid (cathol5^c) whidb contains the 
products formed by th^ cathodic reactionSj 
and means may be provided for evacuating 
either the anolyte or the cadholyte depending 

35 on the circumstances (temperature initial pH 
and salim'ty) and .the nature of the metal walls 
to be protected. 

We have now found, contrary to the teach- 
ing of said specification. That in order to 

40 reduce or substantially eliminate the tendency 
of sea water or of brackish water to form 
deposits of scale on metallic suurfaces, it is 
preferable to render said water slightly acid 
and more particularly to create, at ieast tem- 
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the crates of flow of the respective effluents 
before mixing as a function of tihe pH mea- 
sured after mixing. 

It is also possible to feed the anodic com- 65 
partment of die cell having a metallic anode 
with the anodic, effluent of the other and, in 
this case, to regulate -both the rate of flow of 
this efiduent and the rate of supply to the 
cathodic compartment of the cell ihaving a 70 
metallic anode as a function of the pH of 
the anodic effluent of the latter cell. 

In order that the invention may be more 
fully understood, two embodiments thereof 
•will now be described, by way of example, 75 
with reference to the accompanying drawing, 
in which: — 

Figure 1 s'bows diagrammaticaliy a first 
means of carrying out the invention accord- 
ing to which the two electrolytic cells are fed 80 
in parallel; 

Figufre 2 shows diagrammaticaliy a second 
means of carrying out the invention according 
to which soldi two cells are fed in series; and 

Figure 3 shows a constructional detail of the 85 
cells. 

According to Figure 1, two electrolytic 
ceils I and II receive sea wat-er to be (treated 
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Electrolytic Process for the Treatment of Sea Water 



We, COMPAGNIE DE CONSTRUCTION DE 

Gros Materiel Electro Mecanique, a 
French Body Canporate of 37, me du Rocber, 
Paris, Francje, do hereby declare tihe inven- 

5 tion for which we pray tibat a patent may 
be granted to us, and fiie method by which 
it is to be performed to be particularly des- 
cribed in and by the following statement : — 
The present inven-tian irelatcs to an elcccro- 

10 lytic process for .treating sea water, brackis!h 
water or tpartiaUy softened water with a view 
to decreasin-g or removing the tendency of 
such water to scale metallic surfaces vnth 
which it comes into contact, particularly those 

15 of pipes and apparatus such as boilers, eva- 
porators and condensers. 

It has already been proposed that sea water 
or brac^sh water slhould be subjected to an 
electrolytic softening treatment. Thus Speci- 

20 fication No. 823,531 describes a process in 
which sea water is electrolysed; upstjream of 
the apparatus in which it is used, by means 
of one or more cells (provided with metallic 
electrodes with the object of rendering said 

25 water alkaline. The cell used in the pro- 
cess of said specification -may comprise a 
porous partition or diaphragm between the 
electrodes to separate, at least partially, the 
liquid (anolyte) which contains, in solution, 

30 tii products formed by the anodic reactions 
and the liquid (catholyte) which contains the 
products formed by the cathodic reactions, 
and means may be provided for evacuating 
either die anolyte or the ca^Jholyte depending 

35 oa the circumstances (temperature initial pH 
and salinity) and the nature of the metal waHs 
to be protected, 

"We have now found, contirary to the teach- 
ing of said specification, that in order to 

40 reduce or substantially eliminate the tendency 
of sea water or of «bracfcish water to form 
deposits of scale on metallic surfaces, it is 
preferable to render saad water slightly acid 
and more particularly to create, at least tem- 



porarily, a partially carbonic acidity therein. 45 

According to one feature of tihe invention, 
the water to 'be .treated is caused to pass 
continuously through tv^'O diapfhragm-type 
electrolytic cells, one of which comprises 
an anode of amorphous carbon and the other 50 
a metallic anode^ particularly an anode essen- 
tially composed of iron, the anodic effluents 
are collected exclusively and the respective 
rates of flow of .these effluents and/or of the 
liquid passing through the two cells is regu- 55 
lated in such a manner that the .pH of the 
mixed anodic effluents is mamtained within 
the irange 4 to 6.4, preferably in the vicinity 
of 5.2. 

It is possible to feed the .two cells in 60 
parallel, mix the anodic dfluents and regulate 
the rates of (flow of the respective effluents 
before mixing as a function of tihe pH mea- 
sured afoer mixing. 

It is also possible to feed the anodic com- 65 
partment of tihe ceU having a metallic anode 
with the anodic effluent of the ot3her and, in 
lids case, to regulate both the rate of flow of 
this effluent and the rate of supply to the 
cathodic compartment of the cell (having a 70 
metallic anode as a function of the pH of 
the anodic effluent of the latter cell. 

In order that the invention may be more 
fully understood, two embodiments thicrcof 
will now be described, by way of example, 75 
with reference to the accompanying drawing, 
in whioh : — • 

Figure 1 sihows diagrammatically a first 
means of carrying out the invention accord- 
ing to which iie two electrolytic cells arc fed 80 
in parallel; 

Figure 2 shows diagrammatically a second 
means of carrying out the invenrion according 
to which said two cells are fed in series; and 

Figure 3 shows a constructional detail of the 85 
cells. 

According to Figure 1, two electrolytic 
cells I and II receive sea water to be treated 
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from a main pipeline 3 whioh feeds them 
in parallel by means of the respective Y 
(or three-way) pipes 1 and 2. The first cell 
I comprises an anode la of amorphous carbon 
5 and a cathode Ir of iron or nn iron alloy; 
iihese two electrodes and the liquids (anolyte 
and cathol3rte) in which t'h^y are immersed 
are separated by a porous partition or dia- 
phragm Id; the catholyte is evacuated -through 

10 a pipe le while ithe anolyte alone is trans- 
mitted, by means of . an adjustable valve 5, 
to. a pipe 4 .which feeds the apparatus to 
be protected from scaling. The anolyte of 
this cell is acid and contains, in particular, 

15 as products of anodic reactions, carbon di- 
oxide (20 to 25 cc. per litre at ordinary 
temperature and for a final pH of 5.4), 
hydrochloric acid and hypochloxous acid, 
there latter products being present in small 

20 quantities. The carbon dioxide is presumably 
produced 'by the reaction of nascent oxygen, 
generated by the electrolysis, with the amor- 
phous carbon of the anode; the latter is 
indeed gradu^y consumed during operation 

25 of the process. 

The second cell II comprises electrodes 
2a and 2c both made of iron or of an iron 
alloy, which are separated, as axe 'die liquids 
(anolyte and catholyte) in wihich (they are 

30 immersed, by a porous partidon or diaphragm 
2d; ^xe catholyte is evacuated ^through a 
pipe 2e while the anolyte alone is transmitted 
to the pipe 4 by means of an adjustable valve 
6. The anolyte of this cell is acid but less 

35 so than that of tihe cell I (for die same inten- 
sity of the electrolysis current); as anodic 
reaction products it contains, in particular, 
hydrochloric acid, 'hypochlorous acid, iron 
chlorides and oxides, .these later being in 

40 higji concentrations and <being formed, it is 
4>elicved, by reaction of nascent oxygen with 
•the iron of the anode. 

Hie liquids coming from these two cells 
are mixed in the pipe 4, their relative pro- 

45 portions being regulated by the respecUve 
deliveries of the valves 5 and 6, in such a 
manner .that ithe pH of the water in the pipe 
4 is comprised between 4 and 6,4 preferably 
between 4 and 6; . a value of about 5.2 is 

50 recommended. 

■ The regulation may be effected, in par- 
ticular, by means of. a device which is sensi- 
tive to the pH of the liquid passing through 
the pipe 4. This device, shown diagram- 

55 matically at 7, comjprises a p^H-nieter which 
supplies an electromotive force, iphe iense of 
which depends on -the acidity of alkalinity 
of the liquid and the magnitude of which 
depends on ithe modulus (7 — jpH) or (pR — 7) 

60 as the case may be, in combination with an 
amplifier, the output-stage current of wihich 
passes in one direction or die other (after 
possible (rectification) tluroug^ one of the wind- 
' mgs of an electric motor 8 provided . with 

65 two induction windings and the shaft of 



which is coupled to a mechanism 9 acting in 
•the inverse sense on the position of 4he valves 
5 and 6. 

The regulating device thus outiined may, 
of course, be replaced by any equivalent regu- 70 
laiing device. 

According to Figure 2, the first electrolytic 
cell I receives the water to be treated from 
a pipeline 3 by means of the Y pipe 1, 
exactly as in the arrangement of Figure 1. 75 
Moreover, nhis cell is similar to that in 
Figure 1 and its catholyte is evacuated in the 
same manner through die pipe le. Its anodic 
effluent, as distinct from Figure 1, is sup- 
plied to the second cell II through a pipe 10 80 
provided with an adjustable valve 11 and 
there undergoes a second electrolytic tteat- 
menr. The cell II is similar to tihe corres- 
ponding cell in Figure 1 and^ in particular, 
its cathodic effluent is evacuated through the 85 
piipe 2e, The anodic effluent of the cell II, 
wiuoh is in series with tfhe former, is alone 
conveyed through the pipe 4 to the apparatus 
v/hich it is desired to feed with treated water. 
Nevertheless, untreated water may likewise 90 
be introduced into said cell II by means of 
^h^ main pipeline 3 and a pipe 12 provided 
with an adjustable valve 13. The pH of. the 
liquid which passes through the pipe 4 is 
measured by the pH-meter of a . device 7 95 
similar^ to tiat in Figure 1 and it can be 
maintained at a substantially constant value 
or within the restricted range specified above 
by the automatic regulation of the positions of 
the valves 11 and 13 by the members S and 100 
9 already mentioned; the member 9 is like- 
wise adapted to regulate, by any known means, 
the electrolytic current of the cell II, and 
the valve 13 may be regulated in an inde- 
pendent manner, particularly by hand. 105 

The sections of the pipes and the settings 
of the various valves arc determined in suoh 
a manner that, bearing in mind the consump- 
tion of n-eated water by the consumer 
apparatus, the amoimt of water which cir- 110 
culatcs in tiie anodic and cathodic compart- 
ments of ti»e two cells is sulflcient to permit 
the formation, by electrolysis, of the products 
mentioned above, in the quantities, necessary 
to maintain the ipH of the treated water 115 
approximately at the required value. 

Ir is essential to note that in the process 
described in the above-mentioned specification, 
the treated liquid does not contain carbon 
dioxide (at least not in appreciable quantities 120 
as a result of its electrolytic treatment) but 
may, on the other hand, contain gaseous 
chlorine in solution. In contrast, in the pre- 
sent process, the first electrolytic cell, whidh 
comprises a consumable anode of amorphous 125 
carbon, produces, as already mentioned, car- 
boa oxidation products and particularly CO-, 
which is recognised as necessary for. the object 
envisaged. The second cell which preferably 
comprises a consumable anode of a ferrous 130 
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substance produces, as anodic reaction pro- 
ducts, iron salts and oxides capable of fix- 
ing .the free chlorine; in addition the free 
chlorine reacts with insoluble carbonates 
5 formed in the first cell to convert them into 
soluble ohlorides. 

The treated sea water which passes through 
the pipe 4 and which has acquired the proper- 
ties indicated may be stored in a suitable 
10 receptacle instead of being taken direct to 
the consumer apparatus; it is then sub- 
sequently introduced into the latter, either 
intermittendy or condnuously. 

In the course of the experiments we have 
15 carried out, the fixing of the free chlorine 
was found to be capable of preventing the 
acidity of tihe condensed water obtained m 
marine boilers. Experience has sihown that if 
free chlorine is present in the steam pro- 
20 duced, the condensed water which results is 
slightly acidified by chlorinated products such 
as HCl and HOCl. 

. Because of the presence of COo, the process 
described is likewise applicable to the treat- 
25 ment of partially softened ^ non-chlorinated 
water containing lime or minerals. 

Mention has also been made of the fact 
that the anodes of the two electrolytic cells 
I and II of the appairatus in Figures 1 and 
30 2 are slowly destroyed by the anodic reac- 
tions which take place ichere; moreover, dn a 
chlorinated liquid such as sea water,^ the 
cathodes may slowly become covered with a 
more or less adherent layer with a soda base 
35 to such an extern; that tihese cells may lose 
their effectiveness after a certain time. In 
certain cases, however, it is important to main- 
tain them in 'good order substantially "with- 
out mterupung the elecu'olytic treatment. 
40 For -this purpose, said cells are constructed 
with a plurality of similar electrodes anranged 
side by side, at least one of which is not 
coimeaed to the source of current jmd remains 
in reserve. This arrangement is £lustirated 
45 in Figure 3 which srhows a cell 20 comprising, 
on the one hand two similar anodes 21 and 
2V and on the other hand, two similar 
cathodes 31 and 31', separated from the anodes 
by a porous diaphiagm 30. Only the elec- 
50 trodes 21 and 31 aire conneoDed to the source 
of current while the electrodes 21^ and 31^ 
remain cut off. When the first are consumed 
or have deteriorated they are disconnected 
from said source while the second ones arc 
55 connected thereto in turn. As can be seen 
from the figure, tjhe positions of the various 
electrodes may be selected in such a manner 
that the length and sha,pc of the lines of 
current in the electrolyte are substantially the 
60 same whichever set of electrodes is used. In 
this manner, the conditions of the electrolysis 
(density of current and quantities of pro- 
ducts formed) are not affected by the change 
of electrodes which can be effected without 
65 interrupting operation. 



In the arrangement shown in Figure 1, the 
two cells I and H are likewise upstream of 
the apparajtus fed by the pipe 4. Tihese 
ceils aie therefore both outside said apparatus. 
On the other hand, in the arrangement shown 
in Figure 2, one of -the two cells, preferably 
the cell I, the anode of which is of amor- 
phous carbon, is necessarily -upstream of the 
otiher (since the liquid passes through them 
in series). It may therefore 'be advantageous, 
at least in certain cases, to arrange the cdl 
II inside the apparatus to be fed and to 
which the pipes 10 and 12, provii^d with 
their respective valves, lead directiy.^ 

It mil be understood that modMcations 
may be made to the embodiments whdoh have 
been described without going outside die scope 
of the present invention. 

In particdar, if uhe quantity of liquid to 
■be lireated is great, it is preferable to use 
a plurality of similar odls with anodes of 
amorphous carbwi, connected and fed in 
parallel and a plura^ty of similar cells with 
metallic electrodes, likewise connected and 
fed in parallel and which, firom tihe hydraulic 
point of view, may be associated in series 
with the former. 

WHAT WE CLAIM IS: — 

1. An electrolytic process for the treatment 
of sea water, brackish water or insufficiently 
softened waier dn order to reduce its tendency 
to form; deposits of scale or otiher substances 
on .the surfaxxs of apparatus such as boilers, 
evaporators, condensers and ithe like, cmd 
their pipes supplied with such water, which 
comprises passing the water to be treated 
through two diaphragm-'type electrolytic cells, 
one of which includes at least one anode of 
amorphous carbon and the other at least one 
metallic anode, the cathodes of the two cells 
being metallic, discarding the cathodic 
effluents from ^e two cells, and^ usiiig only 
their anodic effluents which are mixed in pro- 
portions such that the pH of the mixture is 
maintained wiDhin the range 4 to -6.4. 

2. A process according to Claim 1, in 
which uhe pH of tihe mixed effluents is main- 
tained at approximately 5.2. 

3. A process according to Claim 1 or 2, 
in which the two electrolytic cells ate sup- 
plied in sparallel with the water to be treated, 
the anodic effluents of the two cells being 
mixed before their introduction into the 
appatatus supplied with the treated water^ 

4. A process according to Claim 1 or 2, 
an wluch the water to be •treated is supplied 
to the cell having amorphous carbon anodes, 
the anodic effluent of this cell being supplied 
to the anodic compartment of the cell having 
metallic anodes, while untreated water is sup- 
plied to tbe cathodic compartment of the 
latter cell, only the anodic effluent of which 
ds used to supply the apparatus supplied with 
the tresBted water. 
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5. A process according to any of the pre- 
ceding claims, in which the electrolytic cells 
and the apparatus supplied with the -treated 
water are supplied with their respective 

5 liquids .through conduits provided with adjust- 
able valves which enable die pH of the water 
supplied to said apparatus to be adjusted 
to said value. 

6. A process according to any of Claims 
10 1 to 3, in whidi automatic regulation means 

are provided ro control the respective posi- 
tions of .the supply and output valves con- 
trolling the flow of liquid througih the cells 
as a function of the measured pH value of 
15 the mixture of anodic effluents from the two 
cells. 

7. A process according to Claim 4, in which 
automatic regulation means are provided to 
control the respective positions of the supply 

20 and output valves controlling the flow of liquid 



through the cells as a function of the mea- 
sured pH value of the anodic effluent from 
the second cell, that is the cell comprising 
metallic anodes. 

S, An electrolytic process for the treatment 25 
of sea water, brackish water or insufficientiy 
softened water according to Claim I sub- 
stantially as hereinbefore described. 

9. An electrolytic process for the treatment 
of £ea water, brackish v/ater or insufficientiy 30 
softened waterr in order to reduce its tendency 
to form scale deposits when carried out in 
apparatus subatantially as hereinbefore des- 
cribed with reference to Figure 1, 2 or 3 
of the accompanying drawing. 35 
A. A. THORNTON & CO^ 
Chartered Patent Agents, 
Nordiumberland House, 
303 — 306, High Holbom, London, W.C.I, 
For the Applicants. 
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